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Abstract 
As recent buildings become more air tight, the natural ventilation rate is significantly reduced and it leads to difficulty in 
removing accumulated moisture in buildings. Hot and humid weather in summer and the large amount of moisture caused by 
indoor activity are the major factors of moisture problem in Korea. The hygrothermal performance of building environment has 
to be considered carefully to reduce condensation risk and mold growth potential, and comfortable indoor environment. In this 
study, heat and moisture performance of two different wall structures mainly used in Korea were investigated using WUFI 
simulation program. The water content of the various building materials, hygrothermal behavior of the wall structure, 
condensation risk and mould growth potential were identified to design comfort building environment. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Background 
Moisture control has become a worldwide issue because building operations and construction practices have been 
changing [1]. Controlling the water exchange is also relevant to determine the level of the hygienic conditions of the 
environment. Indoor humidity environment is closely related to health problems and it also affects the construction 
durability and energy consumption [2]. High moisture levels can make house smell stuffy and create a breeding 
ground for mould, mildew, dust mites and bacteria [3-5]. Some thermal bridges have occurred and the relative 
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humidity level in the environment can be too high. Dry air makes furniture shrink, warp and crack. In addition, it 
causes skin irritation and respiratory problems [2]. In these cases the indoor air quality becomes poor the health of 
the occupants and some respiratory problems can appear [4, 5]. Therefore, it is important to keep indoor humidity at 
the correct level for ensure comfort and sustainability of healthy buildings. In order to preserve a good air quality in 
a domestic environment, when fixing the ventilation and air pollution such as formaldehyde, the temperature and the 
relative humidity should be kept at constant level during the day and the year. Generally, there is a variety of indoor 
humidity control approaches available for choice depending on their functioning, facilities, energy consumption and 
costs [6]. Indoor humidity control has long been practiced by air-conditioning; however, this approach suffers from 
energy intensive problem [6].  
Therefore, the purpose of this research is to investigate the effect of moisture transport on overall building 
performance based on thermal and hygric simulation. It is expected that hygrothermal simulation will lead to a more 
correct understanding of hygrothermal behavior and to more accurate predictions of overall performance in 
buildings. This study investigates the hygrothermal performance of building components which are wood and 
concrete wall structures used mainly in Korea. The study also verifies humidity level in the various building layers, 
condensation risk, and mould growth risk. 
2. Hygrothermal simulation model 
2.1. WUFI 
For the purpose of this study, the moisture performance simulation model WUFI PRO 5.3, which is a windows-
based program for the hygrothermal analysis of building envelope constructions, is selected. The WUFI simulation 
model is a transient heat and mass transfer model which can be used to assess the heat and moisture distributions for 
a wide range of building material classes and climatic conditions.  
 
Table 1. Thermal and moisture characteristics of the components of wood frame structure 
Material Thickness 
(mm) 
Thermal 
conductivity 
(W/mK) 
Heat 
capacity 
(J/kgK) 
Diffusion 
Resistance 
Factor (-) 
Plywood board 16.0 0.100 1500.0 700.0 
Wood Frame 38.0    
Air layer 38.0 0.230 1000.0 0.4 
Vapour retarder 0.1 2.300 2300.0 100.0 
OSB 11.1 0.130 1500.0 650.0 
Wood frame 184.0    
Fibergalss 184.0 0.035 840.0 1.3 
Gypsum board 19.0 0.200 850.0 8.3 
Table 2. Thermal and moisture characteristics of the components of concrete structure 
Material Thickness 
(mm) 
Thermal 
conductivity 
(W/mK) 
Heat 
capacity 
(J/kgK) 
Diffusion 
Resistance 
Factor (-) 
Mineral plaster 19.0 0.800 850.0 25.0 
Concrete 200.0 1.700 850.0 192.0 
Fiberglass 200.0 0.035 840.0 1.3 
Gypsum board 13.0 0.200 850.0 8.3 
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2.2. Wall structure 
Moisture performance of wall construction systems under given climatic conditions is dependent on the system 
composition and thermal and moisture characteristics of comprising elements. In this study, moisture performance of 
wood frame and concrete wall structures are investigated under Korea climate conditions represented by Seoul, 
Korea. Two of wall structures such as wood-frame and concrete were selected from residential construction standard 
established by Korea Rural Community Corporation and existing paper [8].  
The first wall, which will be referred to as Wall-A, is wood frame wall structure which is composed of a 16 mm 
plywood board for exterior finish, a 38 mm air layer for ventilation, a 0.1 mm vapour retarder, a 11.1 mm OSB, a 
184 mm fiberglass and a 19 mm gypsum board. The corresponding thermal and moisture characteristics are given in 
Table 1. The results of the calculations showed that the Wall-A had the U-value of 0.171 W/m2K or an R-value of 
5.67 m2K/W.  
The second wall, which will be referred to as Wall-B, is composed of a 19 mm mineral plaster, a 200 mm 
concrete, a 200 mm fiberglass and a 13 mm gypsum board. The corresponding thermal and moisture characteristics 
are given in Table 2. The Wall-B had a U-factor of 0.165 W/m2K or an R-value of 5.87 m2K/W. The difference in 
heat resistance between the Wall-A and Wall-B structures was considerably small with similar thickness of 
insulation layer. 
Wood is one of the most preferred building materials because it is renewable and has excellent properties such as 
good aesthetic appearance, high strength relative to its weight, easy workability, and good heat insulation capacity. 
In addition, wooden residential buildings result in less carbon dioxide emission during manufacture, operation, and 
disposal [9, 10]. It is expected that utilization of wood as a building material will increase [11, 12] 
2.3. Weather condition and Description of modelling parameters 
The WUFI simulation software requires hourly weather data for a full year including hourly dry-bulb 
temperature, solar radiation, humidity, and wind speed and direction. The weather data of Seoul (Alt. 20 m, Lat. 37◦ 
N) in Korea is used as representative of typical weather variations in the central province of Korea. Seoul’s climate 
is characterized by hot and humid summers, and cold and dry winter. Air temperature of Seoul rises to more than 
35.9 ◦C in July and falls below -13.5 ◦C in January. 
The indoor climatic conditions were based on EN 13788 which is possible to include high moisture load profile in 
buildings. The indoor temperatures were set to 21 ◦C. The exterior surface heat resistance was set to 17.0 W/m2K 
and the interior surface heat resistance was 8.0 W/m2K in consideration of exterior wall exposed to the outside. The 
surface radiation properties were set according to the material specification listed in the WUFI database. Based on 
the radiation parameters, the finite element model calculated infrared heat loss under the clear sky and heat gain 
under the sunshine. The simulations were run for three years for evaluating long-term hygrothermal performance of 
wall structures.  
3. Evaluation of hygrothermal performance 
3.1. Effect of boundary and exposure conditions 
Moisture accumulation within the various wall system components depends to a great extent on the temperature 
profile across the different components as it is a major determinant of local relative humidity and hence the 
conditions necessary for the occurrence of interstitial condensation within the wall system. Changing the indoor 
temperature will result in different temperature profiles and the level of impact is highly variable depending on type 
and characteristics of construction elements composing the wall system.  
Fig. 1 illustrates the impact of indoor temperature on moisture accumulation in the insulation layer for both 
modeled walls. Day 0 corresponds to 0:00 am of December 1 and day 360 correspond to 12:00 midnight of 
November 30.   
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Fig. 1. Total water content at three different indoor temperatures (a) wall-A, (b) wall-B 
 
In Fig. 1 (a), it is apparent that lower indoor temperature results in higher moisture accumulation. Reducing the 
indoor air temperature results in lowering the temperature profile and consequently is expected to lead to increased 
moisture accumulation potential. It can be seen that in spite of some noticeable increase in moisture accumulation at 
the lower temperature particularly during the summer months, the change in moisture accumulation due to indoor 
temperature is generally limited. This can be explained by the fact that for the construction type of Wall-A, 
conditions are not suitable to introduce condensation within the insulation layer even at an indoor temperature of 21 
ć. However, there has been a noticeable increase of total water content of temperature of 18 ć during about 180 ̢ 
240 days which is hot and humid outdoor climate. It can leads a condensation of insulation layer in summer due to 
hot and humid outdoor weather and lower indoor temperature caused by air-conditioning. Generally, condensation 
risk is high in winter season as the surface temperature is relatively low. However, adverse-condensation happens a 
lot in summer in Korea. As they have four seasons; hot and humid summer, and dry and cold winter, it makes 
controlling indoor comfort more difficult. Therefore, such climate region should consider indoor humidity level 
more carefully. On the other hand, in Wall-B as depicted in Fig. 1 (b), it can be seen that in spite of lower indoor 
temperature, water content in wall structure has been decreased except for about 190-230 days in summer. It also has 
condensation risk in summer in similar to the wood frame wall. Wall-B exhibits major change in moisture behavior 
during a year. The increase in moisture accumulation is indicative of the higher potential for the occurrence and 
frequency of interstitial condensation.  
3.2. Moisture content 
The result shows the hourly total water content values for the different wall constructions for year 3 of the 
simulation. The peaks occur during rainy days. The total water content values of the wall structures were 
significantly higher in the concrete walls than in the wood frame wall. The average total water content was about 
2.85 kg/m3 with a peak of 4.47 kg/m3 in wood frame wall and in the concrete structure, the average total water 
content was 13.8 kg/m3 with a peak of 15.7 kg/m3. The total water content difference between the wood and 
concrete wall structures is due to the differences in the hygroscopicities of the materials that made up the different 
wall layers. The wood frame wall structures contain more wood elements in the plywood board, OSB and gypsum 
board than the concrete wall structure. In the European structure, mineral plaster, concrete and gypsum board were 
used in the layers where the wood based materials in the wood frame wall structure were located. The use of OSB 
typically used in the wood frame wall had an effect on the hourly variation in the relative humidity. There was a 
reduction in the relative humidity range for the wood frame wall compared to the concrete wall. This is mainly 
because of the high water storage capacity of OSB which tends to modulate wild swings in the wall cavity relative 
humidity. At a temperature of 20 ◦C and relative humidity of 60%, the moisture storage function in WUFI generated 
equilibrium water contents of 65.0 kg/m3 for OSB. 
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Fig. 2. Relative humidity of different building layers (a) wall-A, (b) wall-B 
3.3. Relative humidity 
The relative humidity at all monitor locations was shown in Fig. 2. Day 0 corresponds to 0:00 am of December 1 
and day 360 correspond to 12:00 midnight of November 30. Fig. 2 (a) shows the relative humidity of wall-A and 
monitoring positions represent distance from the outdoor; 0.000 m of exterior side of plywood board, 0.055 m of 
between air layer and weather resistive barrier, 0.066 m of between OSB and fiber glass, 0.250 m of between fiber 
glass and gypsum board, and 0.268 m of interior side of the gypsum board. Monitoring position 2 which is 0.055 m 
of between air layer and weather resistive barrier is a buffer zone between outside and inside of the structure due to 
their high vapour flow resistance performance. Monitoring position 3 which is 0.066 m of between OSB and fiber 
glass showed high relative humidity level in winter and relatively low in summer due to high water storage capacity 
of OSB. Generally, if the humidity of the biodegradable material is more than 80%, there is a risk of condensation. 
There are some condensation risk in summer at the u gypsum board commonly found in wood frame house because 
moisture is accumulated in the insulation layer. Fig. 2 (b) shows the relative humidity of wall-B and monitoring 
positions represent distance from the outdoor; 0.000 m of exterior side of mineral plaster, 0.020 m of between 
mineral plaster and concrete, 0.220 m of between concrete and fiber glass, 0.420 m of between fiber glass and 
gypsum board, and 0.432 m of interior side of the gypsum board. It also has the condensation risk in summer due to 
moisture accumulation caused by high relative humidity level.  
3.4. Condensation and Mould risk 
Condensation occurs when the temperature of the building material in contact with the air is lower than the dew 
point temperature. If the temperature is lowered below 0 ć degrees, it is frozen. The surface condensation occurs on 
the surface of the building material, which is easily noticeable. However, internal condensation occurred in the inner 
wall structure is a major problem of degradation of the durability. The indoor temperature is usually higher than the 
outside temperature of the building. Also, many source indoors and lack of ventilation lead to moisture 
accumulation. Both of two walls have condensation risk in winter season which has low temperature level. The 
wood frame structure has a bigger fluctuation and higher condensation risk than the concrete structure. Basically, 
higher ambient air temperature is needed to avoid surface condensation. However, control of the internal 
condensation is more complicated. The most effective way is to design external insulation system in order to 
increase the internal temperature above the dew point temperature.  
The Lowest Isopleth for Mold growth (LIM) system is used for evaluation of the mold growth risk using. Below 
this LIM, none of the considered species can germinate; above the LIM, germination is possible for one or several of 
these species. LIM Bĉ represents bio-utilizable substrates, such as wallpaper, plasterboard and LIM BĊ represents 
less bio-utilizable substrates with porous structures, such as plasters, mineral building materials, certain woods, and 
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insulating materials. It can be concluded that there is a mould growth risk when the relative humidity is about 78% 
or more in the wood frame wall structure. In case of concrete wall structure, mould growth risk is appeared more 
than relative humidity of 89%. This is because wood frame structure has many bio-utilizable materials and it leads to 
build mould growth environment. 
4. Conclusions 
The effect of moisture transport on hygrothermal performance of two selected wall structures based on thermal 
and hygric simulation was investigated. The effect of boundary and exposure conditions, long-term moisture 
performance, humidity level in wood and concrete wall structures, condensation risk and mould growth potential 
were investigated.  
The impact of indoor temperature on moisture accumulation in the insulation layer for both two walls were 
evaluated and it is apparent that lower indoor temperature results in higher moisture accumulation especially in 
wood frame structure. There has been a noticeable increase of total water content of during about 180 ̢ 240 days 
which is hot and humid outdoor climate. In the results of long-term moisture performance, the total water content 
values of the wall structures were significantly higher in the concrete walls than in the wood frame wall. The average 
total water content was about 2.85 kg/m3 and in the concrete structure, the average total water content was 13.8 
kg/m3. There are some condensation risk in summer at the underneath gypsum board caused by high relative 
humidity level. Both of two walls have condensation risk in winter season which has low temperature level. The 
wood frame structure has a bigger fluctuation and higher condensation risk than the concrete structure. There is a 
mould growth risk of wood frame and concrete structure when the relative humidity is about 78% and 89% 
respectively. 
Acknowledgements 
This research was supported by Basic Science Research Program through the National Research Foundation of 
Korea(NRF) funded by the Ministry of Science, ICT & Future Planning (2014R1A1A1064320). 
References 
[1] Kunzel H. M. Hygrothermal behavior and simulation in buildings. 2010. 
[2] Huibo Z, Hiroshi Y. Analysis of indoor humidity environment in Chinese residential buildings. Building Environment 45 (2010) 2132–2140.  
[3] Fang L, Clausen G, Fanger P.O. The impact of temperature and humidity on perception of indoor air quality. Indoor Air 8(2) (1998) 80-90.  
[4] Bornehag C.G, Blomquist G, Gyntelberg F, Jarvholm B, Malmberg P, Nordvall L, Nielsen A, Pershagen G, Sundell J. Dampness in buildings 
and health. Nordic interdisciplinary review of the scientific evidence on associations between exposure to ’Dampness’ in buildings and 
health effects (NORDDAMP). Indoor Air 11(2) (2001) 72-86.  
[5] Bornehag C.G, Sundell J, Bonini S, Custovic A, Malmberg P, Skerfving S. Sigsgaard T, Verhoeff A, Dampness in buildings as a risk factor 
for health effects, EUROEXPO: a multi-disciplinary review of the literature(1998-2000) on dampness and mite exposure in buildings and 
heal the effects. Indoor Air 14(4) (2004) 243-57.  
[6] Dinh-Hieu V, Kuen-Sheng W, Bui H.B, Bui X.N. Humidity control materials prepared from diatomite and volcanic ash. Construction and 
Building Materials 38 (2013) 1066-1072. 
[7] Kuenzel H.M, Holm A, Practical assessment of plasters by modern building physical assessment, WTA series of publications, 1999. 
[8] Sedlbauer K. Prediction of mould fungus formation on the surface of and inside building components. thesis, University of Stuttgart, 
Germany, 2001. 
[9] Winistorfer P, Chen Z.J, Lippke B, Stevens N. Energy consumption and greenhouse gas emissions related to the use, maintenance, and 
disposal of a residential structure. Wood and Fiber Science 37 (2005) 128–139. 
[10] Salazar J, Meil J. Prospects for carbon-neutral housing: the influence of greater wood use on the carbon footprint of a single-family 
residence. Journal of Cleaner Production 17 (2009) 1563–1571. 
[11] Puettmann M.E, Wilson J.B. Life-cycle analysis of wood products: cradle-togate LCI of residential wood building materials. Wood and 
Fiber Science 37 (2005) 18–29. 
[12] Salazar J, Sowlati  T. Life cycle assessment of windows for the North American residential market: case study. Scandinavian Journal of 
Forest Research 23 (2008) 121–132. 
